Eicosanoids including prostaglandins (PGs) and leukotrienes (LTs) are inflammatory mediators. 5-Lipoxygenase (5-LOX), which is present in white blood cells, macrophages, and mast cells, is the rate-limiting enzyme for the synthesis of LTs. The cysteinyl LTs are potent mediators of allergy and inflammation by modulating the smooth muscle tone and vascular permeability. In addition, they play an important role in asthma and other respiratory diseases.
MATERIALS AND METHODS

Materials
The dried roots of A. chinensis (1.3 kg) were extracted using MeOH (v/v, 5 ml) at room temperature for 7 d to obtain an extract (120 g). The extract was resuspended in water (1 ml) and partitioned with the same volume of hexane. The n-hexane-soluble fraction (9 g ) was applied to a silica gel column (63-200 mesh, 5ϫ60 cm) and eluted with hexane/EtOAc (10 : 1-1 : 2, gradient) to give eight fractions (fr. 1 to fr. 8). Fraction 5 (1.1 g) was repeatedly chromatographed over silica gel (2.5ϫ40 cm, eluate: CHCl 3 /MeOH, 30 : 1) to give four subfractions (fr. 5-1 to fr. 5-4). Fraction 5-3 (170 mg) was recrystallized in MeOH to give a white needles (60 mg). Astilbic acid (3b,6b-dihydroxyolean-12-en-27-oic acid) mp 206-209°C, mass ( 13, 14) Fetal bovine serum was purchased from Hyclone Laboratories (Logan, UT, U.S.A.). Astilbic acid was dissolved in dimethyl sulfoxide (DMSO) before addition to cell cultures; the final concentration of DMSO was 0.05%. Control experiments with DMSO alone were performed in all cases.
Preparation and Activation of Bone Marrow-Derived Mast Cells Bone marrow derived-mast cells (BMMCs) from male Balb/cJ mice were cultured for up to 10 weeks in 50% enriched medium (RPMI 1640 containing 2 mM L-glutamine, nonessential amino acids 0.1 nM, antibiotics, and 10% fetal calf serum) and 50% WEHI-3 cell-conditioned medium as a source of IL-3. After 3 weeks, Ͼ98% of the cells were found to be BMMCs as determined using the previously described procedure. 15, 16) This study examined the effect of astilbic acid (3b b,6b b-dihydroxyolean-12-en-27-oic acid), which is a herbal medicine isolated from Astilbe chinensis. 6 cells/ml in enriched medium were preincubated with stem cell factor (SCF; 100 ng/ml) for 30 min at 37°C in the presence or absence of astilbic acid. After 20 min of stimulation, the supernatants were isolated for further analysis with an enzyme immunoassay kit (EIA). LTC 4 was determined using an EIA kit (Cayman Chemical, Ann Arbor, MI, U.S.A.) according to the manufacturer's instruction. Under the conditions employed, LTC 4 reached about 500 pg/10 6 cells. All data are the arithmetic mean of triplicate determinations.
Passive Cutaneous Anaphylaxis Male Sprague-Dawley rats (Daehan Biolink, Eumsung, Korea) weighing 180-200 g were used in the passive cutaneous anaphylaxis (PCA) test. The animals were housed in cages at least 1 week prior to the experiments. Briefly, 100 ml/site of monoclonal antidinitrophenyl (DNP) mouse IgE (1 : 1000 dilution; Seikagaku-kougyo, Japan) was injected intradermally into the shaved backs of rats. After 48 h, PCA was evoked by an intravenous injection of the antigen (Ag; 1 mg of DNP-bovine serum albumin (BSA) (Sigma Chemical Co.)) in phosphatebuffered saline (PBS) containing 1 ml of 1% Evans blue (1 : 4). Astilbic acid (10-50 mg/kg body weight i.p.) and indomethacin (1-10 mg/kg i.p.) were administered 1 h before the Ag challenge. After 30 min, the skin was removed and dye was leaked into the skin, which was then extracted and quantified, as described previously. 17) At doses up to 20 mg/kg, this compound did not show any toxicity such as decreased body weight and no morphologic changes in the spleen and liver were seen.
Analgesic Activity To measure analgesic activity, the standard acetic acid-induced writhing test was employed according to the previously described procedure. 18 ) Astilbic acid and aspirin were orally administrated to mice. One hour later, 100 ml of acetic acid (0.7%) was administered intraperitoneally and the number of writhing movements was counted for 10 min starting 10 min after the administration of acetic acid solution.
Statistical Analysis All values are expressed as arithmetic meanϮS.D. One-way ANOVA was used to determine the statistical significance.
RESULTS AND DISCUSSION
Astilbic acid is a type of triterpenoid that is widely distributed in higher plants. A. chinensis is a perennial herb that grows in Eurasia and eastern North America. The dried roots of A. chinensis have been used in Korean traditional medicine as an antipyretic, an analgesic, and a cough remedy. Recently, cytotoxic oleanane triterpenoids has been isolated from A. chinensis. 19) However, the underlying mechanisms of its antiinflammatory effects have not been reported. In an attempt to develop antiinflammatory compounds from A. chinensis, astilbic acid, a known triterpenoid compound, was isolated from the MeOH-CH 2 Cl 2 extract.
Murakami et al. 20) reported that BMMCs exhibited biphasic PGD 2 biosynthetic responses over time, as well as cyclooxygenase (COX)-1-dependent immediate and COX-2-dependent delayed responses. The immediate PGD 2 generation, which occurs within 2 h, is associated with the coupling of COX-1 and delayed PGD 2 generation is observed after several hours of culture (2-10 h). In addition, it is associated with the de novo induction and function of COX-2 after stimulation with specific combinations of cytokines and LPS. 20) This cell model also appears to be suitable for assessing the effect of 5-LOX inhibitors, since the immediate LTC 4 generation elicited by IgE-dependent or cytokine-initiated stimulus occurs in BMMCs through 5-LOX. 21) Therefore the BMMC system is useful for screening selective COX-1/COX-2 or 5-LOX and COX-2/5-LOX dual inhibitors from various sources. Using this assay system, a new COX-2/ 5-LOX dual inhibitor was founded from Anthriscus sylvestris. 22) Astilbic acid inhibited the 5-LOX-dependent phases of LTC 4 generation in BMMCs in a concentration-dependent manner with an IC 50 value of 2.1 mM (Fig. 2) . However, this compound did not inhibit either COX-1 or COX-2-dependent PGD 2 generation up to a concentration of astilbic acid 30 mM in this assay system (data not shown), indicating that astilbic acid selectively inhibits 5-LOX.
The effect of astilbic acid on the IgE-induced PCA reaction was examined using a rat model to determine its in vivo antiinflammatory activity. When 25 mg/kg of astilbic acid was injected intraperitoneally 1 h before the Ag challenge, the PCA reaction was suppressed by approximately 30% and the inhibition occurred in a concentration-dependent manner (Fig. 3) . Under the same conditions, indomethacin (10 mg/kg), a nonsteroidal antiinflammatory drug, inhibited the PCA reaction by 60%. Furthermore, the analgesic activity of astilbic acid was examined using the acetic acid-induced writhing test. BMMCs were preincubated for 30 min with the indicated concentrations of astilbic acid and then stimulated with 100 ng/ml of SCF for 15 min. LTC 4 released into the supernatant was quantified using an EIA kit. ranged from 44.1-61.8% (Fig. 4) . Aspirin (200 mg/kg) also had a significant protective effect (64.7%). A precise explanation for this result cannot yet be given, but it is believed that astilbic acid strongly inhibits 5-LOX activity because it is generally accepted that 5-LOX products induce the recruitment and activation of leukocytes, which lead to tissue damage and hyperalgesia. 4, 23, 24) Furthermore, LTC 4 attenuates the zymosan-induced peritoneal vascular permeability and IgEdependent PCA in mice. 25) The lack of significant toxicity of this compound after oral administration indicates that it can be used safely in humans at moderate doses.
In conclusion, astilbic acid may be used as an antiinflammatory agent with analgesic activity because it, at least in part, inhibits 5-LOX activity. To the best of our knowledge, this is the first report of in vivo antiinflammatory activity of astilbic acid and provides a scientific basis for the medicinal use of this plant material in inflammatory disorders. The mechanism of the analgesic activity of astilbic acid is not well understood at present. Therefore it is necessary to clarify the selective 5-LOX inhibitors involved in the antinociceptive effects in animal model. Vol. 28, No. 1 
